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X A T I O B A L  A D V I S O R Y  C O M M I T T E E  FOR A E R O N A U T I C S  

ADVAiT CE1 C O N 2  I D E N T  I A L  R E P O R T  
---.-__- 

VIND-FUNNEL I N V E S T I G A T I O N  OF A I L E R O N S  

ON A LOIV-DRAG A I R F O I L  

I11 - THi3 E F F E C T  OF TABS 

B y  Ra lph  W .  H o l t z c l a w  a n d  X o b e r t  M. C r a n e  

SUMIflA,SY 

Ai; i n v c s t i g a t i o n  was n a d e  3f t h e  e f f e c t s  of 0.20-  
n i l e r o n - c h o r d  t 3 b s  on a n  NACA 66,2-216 (a = 0.6) a i r f o i l  
couipned-  w i t h  a 0 . 2 0 - a i r f o i l - c h o r d  p l a i n  s e a l e d  a i l e r o n ,  
The n i l c r o i i  p r o f i l e s  c o n s i d e r e d  c o n s i s t e d  of  o n e  p r o f i l e  
c o n f o r c i n p  t o  t h e  n o r n a l  NACA 66,2-216 ( a  = 0 , s )  o r d i n a t e s  
2nd  a p r o f  i l o  c o ~ s i s t i n g  o f  s t r a i ~ t t - l i n e  s u r f a c e s  f r o u  t h e  
t r a i l i n ? ;  cdga  t o  t h e  h i n g e - l i n e  o r d i n a t e s  o f  t h e  a i l o r o n .  

B a s i c  d i , t a  a r e  p r e s e n t e d  f r o n  w h i c h  t h e  e f f e c t  o f  tabs 
c a n  bo  c n l c u l n . t e d  f o r  s p e c i f i c  c a s e s .  The d a t a  a r e  s u f -  
f i c i e n t  f o r  t h e  s o l u t i o n  o f  problcr. :s  o f  f i x e d  t n b s  w i t h  a. 
d i f f e r e n t i a l  Link%[:e, A S  well as s i c p l e  a n d  s p r i n g - l i n k e d  
b z l a n c i i l g  t n b s .  

I M T B C D U C T I O i ?  

d i t l i  e v e r y  i n c r e a s e  i n  s i z e  a n d  s p e e d  o f  a i r p l a n e s ,  
t h c  problc:.i o f  a t t a i n i n g  a d e q u a t e  l a t e r a l  c o n t r o l  w i t h o u t  
excess i - , . e  cos . t ro l .  f o r c c s  becor:es less a r r e n s b l e  t o  s o l u t i o n  
by siLip2e ,o,r3rod:-n,:r!ic b a . l ~ i n c i ~ ~ g  z i e thods  O f  t h e  v c r i o u s  
~ ~ e t h o d n  or' a e r o d y n r . u i c  b a l a n c e  a v a i l z b l e ,  one  o f  t h e  n o s t  
e f f  i c i o n t  i s  t h e  s e a l e d  i n t e r n a l  n a s e  b a l a n c e .  However ,  
s u f f i c i e n t  l i g h t n e s s  of  c o n t r o l  f r e q u e n t l y  c a n n o t  b e  at- 
t a i n e d  by t h e  u s e  of a n  i n t e r n a l  n o s e  b a l a n c e  a l o n e .  The 
n e c e s s a r y  b a l a n c e  may b e  s o  large t h a t  t h e  r e q u i r e d  con- 
t r o l - s u r f a c e  d e f l e c t  i o n  c a n n o t  b e  o b t a i n e d ,  o r  s t r u c t u r a l  
r e q u i r c m e n t s  o f  t h e  m a i n  s u r f a c e s  may b e  s u c h  t h a t  a d e q u a t e  
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b n l a n c o  c a n z o t  b c  i n c o r p o r a t e d  i n  t h e  d e s i g n .  The aerodynamic 
e f f c c t s  o f  t i d j u s t i n g  a i l e r o n  h i n g c  moments by a l t e r a t i o n s  t o  
t h c  a i l e r o n  p r o f i l e  by t h i n n i n g  and  t h i c k e n i n g  t h e  c o n t r o l  
nil ; . fncc hn,vo b e e n  shown i n  r e f e r e n c e  1 ,  a n d  i n  r e f e r e n c e  2 
b~ t h i c L c n i n g  and b e v e l i n g  t h e  c o n t r o l - s u r f a c e  t r a i l i n g  edge. 
Rcs-c . l ts  o f  t e s t s  r c p o r t e d  i n  r e f e r e n c e s  3 t o  5 h a v o  shown 
t c b s  t o  b c  iln e f f e c t i v e  means of c d j u s t i n g  hinge-moment 
c h c ~ r n c t e r i s f i c s  whcn u s e d  as f i x e d  t a b s  i n  c o n j u n c t i o n  w i t h  
a d i f f e r e n t i C 1 , l  l i n k a g e ,  o r  as simple o r  s p r i n g - l i n k e d  b a l -  
a n c i n g  t a b s .  

The p u r p o s e  o f  t h e  t e s t s  r e p o r t e d  h e r e i n  was t o  o b t a i n  
q u a n t i t a t i v o  d a t a ,  on t h c  e f f e c t  of t a b s  on t h e  c h a r a c t e r i s -  
t i c s  o f  a i l e r o n s  on  a lGw-drsg s i r f o i l  i n  t w o - d i n e n s i o n a l  
f l o w .  

The t e s t s  were  made i n  t h e  7- by 10- foo t  w ind  t u n n e l  at 
A s e s  A e r o n a u t i c a l  L a b o r a t o r y ,  

COEFFICIENTS AiTD COBBECTIOBS 

The c o e f f i c i e n t s  u s e d  i n  t h e  p r e s c n t n t i o n  o f  r e s u l t s  
f o l l o w :  

a i r f o i l  s e c t i o n  l i f t  c o e f f i c i e n t  ( Z/qc )  

a i r f o i l  s e c t i o n  ? i tch ing-moment  c o e f f i c i e n t  (m/q , c2 )  
I 

a i l e r o n  s o c t i o n  hinge-moment c o e f f i c i e n t  ( h , /qca2)  

t a b  s e c t i o n  hingc-momcnt c o e f f i c f e n t  ( h t / q c t 2 )  I 

i i i t o r n n l  s t n , t i c  p r e s s u r e  at a i l e r o n  noSe  d i v i d e d  by 
d y n a m i c  p r e s s u r e  ( f i g .  1) 

i n c r e m e n t  of c z  d u c  t o  d e f l e c t i n g  t h e  a i l e r o n  f r o m  
n o u t r s l  

i n c r e m o n t  of p r e s s u r e  c o e f f  i c i o n t  a c r o s s  a i l e r o n  nose 
s e a l  ( F r c s s u r o  below s e a l  minus  r e s s u r e  a b o v e  
s e n 1  d i v i d e d  by dynamic  p r o s s u r e  P 
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1 a i r f o i l  s e c t i o n  l i f t  

8 

r; a i r f o i l  s e c t i o n  p i t c h i n g  monent  a b o u t  q u a r t e r  c h o r d  of  
a i r  f o f 1 

h a  a i r f o i l  s e c t i o n  h i n g e  mcment 

h t  t a b  s c c t i o n  hlr .ge monect  

C c h o r d  o f  s i r f o i l  w i t h  sv.rf?-ces n e u t r a l  

C a  c h o r d  o f  a i l e r o n  a f t  of a i l e r o n  h i n g e  l i n e  

c t  c h o r d  o f  t a b  a f t  o f  t a b  h i n g e  l i n o  

9 

v 

d y n a n i c  p r e s s u r e  o f  a i r  s t r e a u  (,$-p~ 2) 

/ 

f r e e-s t r eam v e l  o c i t y 

I n  a d d i t i o n  t o  t h e  p r e c e d i n g ,  t h e  f o l l o w i n g  symbol s  
a r e  employed:  

a, a n g l e  o f  a t t a c k  ffir a i r f o i l  of  i n f i n i t e  a s p e c t  r a t i o  

5, a i l e r o n  d e f l e c t i o n  w i t h  r e s p e c t  t o  t h e  a i r f o i l  

6 t  t a b  d e f l e c t i o n  w i t h  r e s p e c t  t o  t h e  a i l e r o n  

The l i f t  c o e f f i c i e n t s  h a v e  b e e n  c o r r e c t e d  f o r  t u n n e l -  
wa l l  e f f e c t s ,  A c o m p a r i s o n  o f  f o r c e - t e s t  a n d  p r e s s u r e -  
d i s t r i b u t i o n  n e a s u r e m e n t s  of s e c t i o n  l i f t  c o e f f i c i e n t  a n d  
s s c t  i o n  g i t c h i n g - n o n o n t  c o e f f i c i e n t  i n d i c a t e d  t h a t  t h e  end  
p l a t s s  h a d  n o  e f f e c t  on t h e  c o e f f i c i e n t s  w i t h  t h e  s u r f a c e s  
n e u t r a l .  iTo c o r r e c t i o n s  h a v e  b e e n  a p p l i e d  t o  s e c t i o n  h i n g e -  
momoct c o e f f  i c i o n t s  a n d  no end-p la to  c o r r e c t i o n  h a s  b e e n  
a p p l i e d  t o  A c t ,  B e c a u s e  of p o s s i b l e  t i p  l o s s e s ,  i t  i s  
b e l i e v e d  t h a t  t h e  m e a s u r e d  a i l e r o n  e f f  e c t i v e n e s s  is s l i g h t l y  
l o w  a n d  r a t e s  of r o l l  computed  f r o m  t h e s e  d a t a  w i l l  b e  con- 
s e r v a t i v e ,  By c o m p a r i s o n  of t h e s e  d a t a  w i t h  s e c t i o n  d a t a  
on a s i m i l a r  a i r f o i l  ( r e f e r e n c e  S), i t  i s  e s t i m a t e d  t h a t  t he  
d e c r e a s c  i n  t h e  v a l u e  o f  Act due  t o  t h i s  e f f e c t  i s  n o t  
m o r e  t h a n  1 2  p e r c e n t .  
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Tho a i r f o i l  was c o n s t r u c t e d  o f  l a m i n a t c d  mahogany t o  
t h o  NACA 66,2-216 (a = 0 , 6 )  p r o f i l e  of  &.foot c h o r d  a n d  5- 
f o o t  span .  The a i r f o i l  o r d i n a t e s  a r e  g i v e n  i n  t a b l e  I .  
Thd u i l c r o n s  were c o n s t r u c t e d  o f  l a m i n a t e d  mahogany a n d  h a d  
a p l a i n  r a d i u s  n o s e  a n d  a nose-gap seal of d e n t a l  r u b b e r  
dam. The a i l e r o n  ord in : i . t cs  I r e  g i v e n  i n  t a b l e  11. Tho ord i -  
n a t e s  of t h c  n o r r o a l - p r o f i l e  n i l e r o n  a r e  t h e  same as t h c  
c o r r o s p o n d i n g  o r d i n a t e s  o f  t h e  NACA 66,2-216 (a = 0 . 6 )  n i r -  
f o i l ,  and t h o  o r d i n a t e s  cjf t h e  s t r a i g h t - s i d e d  p r o f i l e  a r e  
t h c  same as t h o s o  o f  t h o  s t r a i c h - s i d e d  a i l e r o n  o f  r e f c r e n c o  1. 
The f u l l - s p a n  t a b s  were  c o n s t r u c t e d  of s t e c l  i n  f o u r  s e c t i o n s  
t o  n i in imizo  t h e  s p a n w i s e  b e n d i n g .  The t a b s  h a d  z r a d i u s  nose  
a n d  a n  u n n e n l o d  n o s c  g a p  o f  0 . 0 0 0 8 ~ .  The o r d i n n t e s  o f  t h c  
tn .bs  a r c  t h o  srtmc a s  t h e  c o r r e s p o n d i n g  o r d i n n t c s  o f  t h e  n i l e r -  
o n s .  D e t a i l s  o f  t h o  a i l c r o n s  a n d  t a b s  a r e  shown i n  f i g u r e s  
1 a n d  2. 

TEST INSTALLAT I O N  

The z i r f o i l  was moun ted  v e r t i c a l l y  i n  t h e  t e s t  s e c t i o n  
o f  t h e  AAL 7- by 10 - foo t  wind  t u n n e l  Uo.  1 as shown i n  t h o  
photogr:iEh of f i g u r e  3 .  End p l a t e s  w e r e  a t t n c h c d  t o  t h e  
5-fOOt-span s e c t i o n ,  F a i r i n g s  a f  t h o  same a i r f o i l  s e c t i o n  
a s  t h e  i r i n g  w e r e  f c s t e n c d  t o  t h e  t u n n e l  f l o o r  a n d  c o i l i n g  
t u r n t n b l o s  mid werc u s c d  t o  s h i e l d  t h o  c o n n e c t i o n s  be twcen  
t h e  mociel  and b a l a n c e  f r a m e .  T h e s e  f a i r i n g s  w e r e  n o t  
e q u i p p e d  w i t h  a i l e r o n s .  P r o v i s i o n s  w e r e  made f o r  c h a n g i n g  
t h e  a n g l o  o f  a t t z c k  a n d  t h e  a i l e r o n  a n g l e  w h i l e  t h e  t u n n e l  
wrzs i n  o p e r a t i o n .  A i l e r o n  and  t a b  h i n g e  moments w e r e  meas- 
u r c d  by means of e l e c t r i c a l  r e s i s t a n c e - t y p e  s t r a i n  g s g e s  
w h i c h  w c r e  moun ted  on members r e s t r a i n i n g  t h e  t o r q u e  t u b e s  
of t h o  s u r f a c e s  f r o m  r o t a t i o n ,  

TESTS 

F o r  c,zich o f  t h e  t w o  a i l e r o n  p r o f i l e s ,  a i l e r o n  c h a r a c t e r -  
i s t i c s  were o b t a i n e d  a t  a Reyno lds  number of 9,!00,000 f o r  
a n g l e s  of a t t q c k  o f  -4.13', -2.06', O.0lo, 2.07 , a n d  4,14' .  
T h e s e  d a t a  c o v e r e d  FL r a n g e  o f  a i l e r o n  a n g l e s  of f20' a n d  EI 

r a n g o  o f  t a b  z n g l o s  o f  *25'. S i m i l a r  d a t a  w e r e  o b t a i n e d  a t  
e n g l o s  o f  a t t a c k  o f  8 . 2 7 '  a n d  12.37' a t  t e s t  R e y n o l d s  n u a b e r s  
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of  B , 7 S C , O O O  a n d  5 , 5 0 0 , 0 0 0 ,  r e s p e c t i v e l y .  Wi th  t h e  a i l e r o n  
n e c : r z l ,  s e c t i o n  c h a r a c t e r i s t i c s  w e r e  o b t a i n e d  f n r  t a b  de- 
f l e c 3 i o r s  f r o s  -25' t o  25' a t  a R e y n o l d s  number of 8 , 2 0 0 , 0 0 0 .  

RESULTS 

?he  b c s i c  s e c t i o n  d a t a ,  w i t h  a i l e r o n  a n d  t a b  d e f l e c t e d  
a n d  n e n t r a i ,  a r e  p r e s e n t e d  i n  f i g u r c s  4 t o  11 f o r  t h e  1:ormsl- 
p r o f i l e  a i l o r o n  nnd i n  f i g u r c s  1 2  t o  1 9  f o r  t h o  s t r a i g h 6 -  
s i d e d  Z r o f i i c  a i l e r o n .  These  d a t a  may be u t i l i z e d  t o  p r e d i c t  
t h e  s e c t i o i i  c h s r a c t e r i c t i c s  o f  a i l e r o n s  w i t h  i n t e r n a l  n o s e  
b a l a n c e  by mcans of t h c  e q u a t i o n  

wh c r  e 

( c ~ - ) B  a i l e r o n  s e c t i o n  Lingc-moment c o e f f i c i e n t  of a i l e r o n  
w i t h  s e a l e d  i n t e r n a l  n o s e  b a l a n c e  

Ch s i l e r o n  s e c t i o n  hinge-moment c c e f f  i c i e n t  of  p l r t i n  
s e a l e d  a i l e r o n  

B c o s e  b a l a n c e  ( e x p r e s s e d  as  f r a c t i o n  o f  c,) 

R n o s e  r c d i u s  of  p l a i n  a i l e r o n  ( e x p r e s s e d  a s  f r a c t i o n  
of c a >  

Whi l e  t h e  b a s i c  d a t a  a r c  u s e f u l  f o r  p u r p o s e s  of d e s i g n ,  
t h e  p T c d i c t i o n  'znd c o m p a r i s o n  o f  t h e  e f f e c t s  o f  t n b s  n a y  b e  
c o n v e n i e n t l y  de l l i ons t r a t  e d  by means o f  s e c t i o n  p a r m e t a r s .  
T h e s e  s c c t i o n  r ~ s r c m e t e r s  as  t a k e n  f r o m  t h e  d a t a  c o n t a i n e d  
n e r e i a  a r e  summar ized  i n  t a b l e  111. 

Aucs A c r o n a u t i c a l  L a b o r a t o r y ,  
Y a t i o n n l  A d v i s o r y  Corcmittee f o r  A e r n n a u t i c s ,  

M o f f e t t  F i e l d ,  Ca l i f .  
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Normal 
St ~xt i o n  

I 
7 

St ra igh t -  
sided 

p r o f i l e  

TABLE I.- NACA 66,2-216 (R = 0.6) AIRFOIL 
( S t a t i o n s  and o rd ina te s  a r e  given i n  

percent  cf  the a i r f o i l  chord 

c I I I I 

Nose r a d i u s :  3.75 
Trail ing-edge r a d i u s  : 0.0625 

Upper 
S t a t i o n  
0 

0 371 
.607 

1.09i  
2.317 
4, 794 
7.284 

1 .7ga 
1 .go6 

2 ,862 

$ * 781 

2 z .a32 

3 e .g97 

E: gS6 
50.023 
55 * 073 
60.141 
65 191 
70.198 
75.181 
80.148 
g5.106 
90.061 
95.021 

100 

ur face  
Ordinate 
0 
1.242 
1.501 
1. st36 
2.615 

503 
z . 7 p  

89 155 
6.708 
9 9 098 

9- 71  
9.431 
9.224 
8,800 
$.OS4 
7.06g 

9.256 

0 
Leading-edge r a d i u s :  1.575 

Lower s u r f a c e  
S t a t i o n  

0 
629 

0 g93 
1 . 409 
2.683 
5.206 
7 716 

10.219 
15.212 
20,194 
25.166 

Grdlnat e 
0 
-1 . 112 

-l -1, oe! 

-z. 702 

-2.127 
-2. 869 

- e934 

-5.7 1 
-6.060 
-6.  1 2  
-6.362 
-6 23 
-6.j$ -6128 

-3.441 

-6.0 
- 3; 22 

rrail ing-edge r a d i u s :  0.0625 

TABLE 11.- ORDINATES OF THE 0 . 2 0 ~  AILERONS 
USED ON THE NACA 66,2-216 ( a  = 0.6) AIRFOIL 

1 t Upper 1 Lower 1 Upper 1 Lower 
81.25 

85. 2 
87* 50 
89. 58 
91.67 
93 9 75 
95.83 
97 92 

83 23 

100 

-2.85 

-2.2 
-1 93 
-1.61 
-1.30 
-.99 
-, 68 -. 36 
0 

-2.52 



NACA ACR No. 4H15 

Reynold8 
number 
--------I 

e---_---- 

~,200,000 

9,000 000 

9,000, ooo 

6,200,000 

9,000, 000 

g,ooo,ooo 

$,200,000 

9,000,OOO 

g,OOO,OCO. 

TABLE 111.- SECTION PARAMETERS 3F THE NACA 66,2-216 
( a  = 0.6) AIRFOIL EQUIPPED WITH 0,200 P U I N  SEALED 

AILEZIONS AND 0 . 2 0 ~ ~  PLAIN UNSEALED TAB8 

Straight- 
Normal sided 
profile profile 
0.4055 0.377 
09% * og54 

. is53 * 0995 

0427 0375 

.0105 0085 

- . O O M  0017 

e, 0096 -. 0050 
-.oos5 -.0075 

-*0028 0024 

-,O044 0010 

-.0074 -. 0039 

= 6t = 00 
g,oooJooo 

9,000,000 @wq) t a, = 6, = oo 

.06 06 

0055 .003 

I I 
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NACA ACR No. 4H15 Fig. 3 
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. 

Figure 3.- The NACA 66,2-216 ( a  = 0 . 6 )  a i r f o i l  mounted 
in t h e  7- by 10-foot wind t u n n e l .  
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NACA ACR NO. 4H15 Fig. 18a 
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